In AMS/OFDM systems, base station is in control of the modulation level of each subcarrier, and then, adaptive modulated packet is transmitted from the base station to the mobile station. In this case, the mobile station is required the modulation level information (MLI) to demodulate the received packet. The MLI is generally transmitted as a data symbol, therefore, the throughput is degraded. In an OFDM, the channel response at a particular subcarrier frequency is not supposed to be totally different from its neighboring frequencies, and hence, they must have correlation which depends on the coherence bandwidth of the channel B c . If we could assign the same modulation level for coherently faded subcarrier block, MLI is required only one time for each subcarrier block. Moreover, we can assign the data on the empty space of pilot signals for increasing the total transmission. In this paper, we propose an adaptive subcarrier block modulation with differentially modulated pilot symbol assistance for downlink OFDM using uplink delay spread. key words: DMPSA-ASMS/OFDM, MLI, coherence bandwidth, RMS delay spread
Introduction
High data rate and high quality multimedia services are demanded in a fourth generation mobile communication, since application services are increasing. To meet this demand, orthogonal frequency division multiplexing (OFDM) is attractive and widely studied in recent years [1] , [2] . Since the signals are transmitted in parallel by using many subcarriers that are mutually orthogonal and the corresponding spectrum is shaped like rectangle, OFDM can achieve high frequency efficiency and high data rate. Moreover, OFDM has been chosen for several next generation broadband WLAN standards like IEEE802.11a, IEEE802.11g and European HIPERLAN/2, and terrestrial digital audio broadcasting (DAB) and digital video broadcasting was also proposed for broadband wireless multiple access systems, such as IEEE802. 16 wireless MAN standard and interactive DVB-T [3] - [5] . In general, each modulation scheme provides a trade off between spectral efficiency and the bit error rate (BER). Choosing the highest modulation scheme that will give an acceptable BER can maximize the spectral efficiency. Therefore, an adaptive modulation scheme (AMS) is one of efficient schemes to increase the throughput [6] - [11] . In an AMS/OFDM system, base station is in control of the modulation level of each subcarrier, and then, adaptive modulated packet is transmitted from the base station to the mobile station. In this case, the mobile station is required the modulation level information (MLI) to demodulate the received packet. The MLI is generally transmitted as a data symbol, therefore, the throughput is degraded in the downlink of AMS/OFDM due to the MLI transmission.
To reduce this problem, a fixed subcarrier block AMS/OFDM with variable coding rates has been proposed [12] . In this scheme, adjacent subcarriers are blocked to be assigned for the same modulation level with various coding rates for reducing the MLI transmission and the computational effort of the transmit power control. However, when the block size is large, the throughput might be degraded due to the mismatch between the block modulation level and the channel state and also many encoders and decoders are required. A differentially modulated pilot symbol assisted adaptive OFDM (DMPSA-AMS/OFDM) also has been proposed to reduce the MLI transmission [13] , [14] . DMPSA-AMS/OFDM transmits the MLI as a differentially modulated pilot signal, so the total transmission rate is not degraded.
However, in fact, the channel response at a particular subcarrier frequency is not supposed to be totally different from its neighboring frequencies, and hence, they must have correlation which depends on the coherence bandwidth of the channel B c [15] . Moreover, in frequency-division duplexing (FDD) systems, given the small frequency separation, the up-link and downlink channel share many common features, i.e., the number of paths, the path delays and the DOAs, which are the same for both links and are not frequency dependant [16] , [17] . Thus, in FDD systems, the channel parameters that can be used at the base station for downlink adaptive modulated transmission are not the channel frequency response estimated on each subcarrier of the uplink but the information of the number of paths and path delays. The coherence bandwidth of the downlink is eas-ily calculated by using the uplink delay spread. If we could assign the same modulation level for coherently faded subcarrier block, MLI is required only one time for each subcarrier block. Since the data can be assigned and transmitted on the empty space of pilot signals, we can increase the total transmission rate. In this paper, we propose an adaptive subcarrier block modulation using uplink delay spread with differentially modulated pilot symbol assistance for downlink OFDM (DMPSA-ASMS/OFDM). This paper is organized as follows. The proposed DMPSA-ASMS/OFDM is described in Sect. 2, In Sect. 3, we show the simulation results. Finally, the conclusion is given in Sect. 4. Figure 1 shows the proposed DMPSA-ASMS/OFDM. Here, we explain the adaptive subcarrier block modulation using uplink delay spread with differentially modulated pilot symbol assistance for dowlink OFDM.
Proposed System

Coherence Bandwidth
In an OFDM, the channel response at a particular subcarrier frequency is not supposed to be totally different from its neighboring frequencies, and hence, they must have correlation which depends on the coherence bandwidth of the channel B c . In FDD systems, the separation between uplink and downlink frequencies is about 5% of the mean frequency. Therefore, the instantaneous phase and amplitude variation due to fading in the uplink have no correlation to those in the downlink. This means that the principle of reciprocity cannot be used. Fortunately, however, given the small frequency separation, the uplink and downlink channel still share many common features, i.e., the number of paths, the path delays, and the DOAs, which are the same for both links and are not frequency dependant [16] , [17] . Thus, in FDD systems, the channel parameters that can be used at the base station for downlink adaptive modulated transmission are not the channel frequency response estimated on each subcarrier of the uplink but the information of the number of paths and path delays. In the base station, the channel informations such as the number of paths, the path delays can be obtained by using an IFFT operation of the frequency domain channel impulse response that estimated from the pilot signals. The transmitted pilot signals from the mobile station are already known, and each transmitted pilot signals value is assumed to be p i,t = 1. The evaluated channel response includes the fading term, so we can compensate the amplitude and phase of the received signal.
where N p is the number of pilot symbols, H i is the uplink channel impulse response on the ith subcarrier,p i,t is the received pilot signal on ith subcarrier and tth pilot symbol, respectively. To obtain an accurate channel impulse response, pilot symbol averaging is necessary to reduce the noise effect. In this paper, we consider two pilot symbol as an averaging duration for the channel tracking. Equation (1) shows the channel impulse response in the frequency domain. By using an IFFT operation and Eq. (1), the channel informations such as the number of paths, the path delays can be obtained. The path delays are calculated by using the channel impulse response. If the power density of uplink is discrete like Fig. 2 , the root-mean-square (rms) delay spread of the transmission channel can be obtained as
and n is the index of each propagation path. The coherence bandwidth is inversely proportion to the rms delay spread. However, their exact relationship cannot be obtained since it usually depends on the fre- quency correlation function of time-varying multipath environments. A strict condition on the frequency correlation function as in [15] that leads the coherence bandwidth of B c ≈ 1 5·τ rms is assumed in this paper. Consider an OFDM system with transmission bandwidth of 100 MHz, mean frequency is 5 GHz and 1024 subcarriers. The subcarrier bandwidth is ∆ f = 100×10 6 1024 = 97 kHz. Assume that the RMS delay spread (τ rms ) of mobile communication system is 500 ns, then the approximate coherence bandwidth is given by
As a result, about 4 consecutive subcarriers are faded coherently. From Eqs. (2) and (3), we can easily calculate the coherence bandwidth for the downlink using the uplink channel delay spread.
MLI for Downlink Subcarrier Block Modulation
From Eq. (3), we can assign the same modulation level for coherently faded subcarrier block. In this case, the MLI is required only one time for each block. Thus, we can assign and transmit a more data on the empty space of pilot signals as shown in Fig. 3(b) . Therefore, the proposed DMPSA-ASMS/OFDM can increase the total transmission rate to compare with the conventional DMPSA-AMS/OFDM. Now, we explain the MLI and data transmis- sion procedure on the pilot signals. We assume a Rayleigh frequency selective fading channel where the received signals are corrupted by additional noise and fading. We use complex baseband notation at time t, we transmit the ith subcarrier pilot signal p i,t , and we receive the noisy ith subcarrier signal x i,t at the receiver antenna. The received pilot signal is given by
where n i,t is the additive noise which is the complex Gaussian zero-mean unit-variance distribution. The transmitted pilot signals are normalized to have power one when averaged out over time E|p 1,t | 2 = 1. For a data rate of R bits per channel use, we need L = 2 R symbols. A common technique is PSK, which uses symbols that are Lth roots of unity
From Eq. (3), the number of coherence bandwidth subcarrier block and subcarrier in a subcarrier block are given by
where x stands for the integer lower and closer to x, B w is the transmission bandwidth of OFDM and ∆ f is a subcarrier bandwidth, respectively. Suppose we want to send MLI and data sequence of integers z i,1 , z i,2 , ..., z i,N p with z∈{0,1,2..,L−1} on the pilot signals. The transmitter sends the symbol stream
where the initial pilot symbol does not carry any information, MLI is assigned on i d th subcarrier of pilot where i d is (n sb −1)·N c +1 with n sb ∈{1,..,N sb } and data is assigned on i d th subcarrier of pilot. If we assume that the fading coefficient changes slowly, the ML decoder is given bŷ
The above expression is equal to
This expression is minimized by minimizing the argument of the cosine. Thus, the ML decoder can be computed aŝ
where x stands for the integer closer to x. From Eq. (11), we can easily obtain the MLI (ẑ i d ,t,ML ) for each subcarrier block and a more transmitted data (ẑ i d ,t,ML ) using the differential demodulation for pilot signals. Now, we explain the increased transmission rate for our proposed scheme. Consider an OFDM system with the effective transmission rate η e , the number of data symbols N d , the number of pilot symbols N p , the number of subcarriers N c , and the number of carriers that included a block size information N bl , the increased effective transmission rateη e is given by
whereη e = η e /N d is the effective transmission rate for one data symbol. When the number of pilot symbol is small, the effect of transferring MLI bits on the empty pilot signals is small. As a result, the impact of MLI is small. On the other hand, when the number of pilot symbols is large, a more data can be transmitted on the pilot symbols. Moreover, the throughput depends on the delay spread. When the delay spread is large, the throughput is degraded due to the narrow coherence bandwidth.
Channel Estimation
The roles of pilot symbols are to calculate the channel response vector and to compensate the faded received packet. However, the proposed system is transmitted a more data and MLI on the pilot symbols as shown in Fig. 3 , so the channel estimation procedure is different to compare with the conventional scheme. Here, we explain the channel estimation procedure. The first symbol of the transmitted pilot symbols of ith subcarrier p i,1 is already known, and its value is assumed to be p i,1 = 1. The received first pilot symbol of ith subcarrier x i,1 includes the channel response of each subcarrier and noise term as shown
In low E b /N o , noise power is large, so it is difficult to compensate the received data packet accurately by using the first pilot symbol. Since noise term is random signal with zero mean, averaging of the pilot symbols can mitigate the noise term. However, the pilot symbols include the MLI and data that are unknown, therefore, we cannot averaging of the pilot symbols. To obtain the accurate channel response, we make replica pilot symbols
t=2p t,i d are the differentially modulated MLI and data using Eqs. (11), andp 1,i = 1. The channel response of ith subcarrier is given bŷ
Noise power on the ith subcarrier is a square of difference between the received pilot signals N p t=1 x t,i and the multiplication of the estimated channel response of ith subcarrier and the replica pilot symbols.
Finally, we can calculate the E s,i /N 0,i on the ith subcarrier
From Eqs. (14) and (16), we can compensate the received data packet and make a feedback information for next adaptive modulation. Figure 1 shows the simulation model for an adaptive OFDM with N c = 1024 subcarriers. In the transmitter side, data stream is first encoded. Here, convolutional codes (rate R = 1/2, constraint length K = 7) are used, which have turned out to be efficient for transmission of an OFDM signal over frequency selective fading channel. The coded bits are then mapped to the modulation symbols of N c = 1024 subcarriers by using adaptive subcarrier block modulation command (ASMC) that calculated by Eqs. (3) and (16). Pilot symbols are differentially modulated by using the MLI and data such as Eq. (8). The OFDM time signal is generated by an inverse FFT and is transmitted over the frequency selective and time variant radio channel after the cyclic extension has been inserted. The transmitted signals are subject to broadband channel propagation as shown in Fig. 4 . In this model, L = 18 path Rayleigh fadings have exponential shapes with path separation T path = 30, 70 and 140 nsec. These cases cause severe frequency selective fadings. The maximum Doppler frequency is assumed to be 10 Hz. In the receiver side, the received signals are serial to parallel converted and N c parallel sequences are passed to a FFT operator, which converts the signal back to the frequency domain. The received pilot symbols are differentially demodulated, and then, the MLI and data can be obtained by Eq. (11) . These frequency domain signals are coherently demodulated by Eq. (14) . After demodulation, the binary data is decoded by the Viterbi soft decoding algorithm. The simulation parameters are listed in Table 1 . Figure 5 shows packet structure. Packet consists of 1024 subcarriers and 12 OFDM symbols (number of pilot signals: N p = 2, number of data: N d = 10). One OFDM symbol duration is 12.8 µsec. Figure 6 shows MSE vs. E b /N 0 for the conventional pilot symbol averaging channel estimation scheme and the proposed scheme with coherently and differentially modulated MLI and block size information on data symbols with and without a FEC at Doppler frequency of 10 Hz. The differential detection can easily demodulate a differentially modulated data without any channel information. On the other hand, the coherent detection is necessary an accurate channel information to compensate a faded data. In the proposed system, the received first pilot symbol of ith subcarrier x i,1 includes the channel response of each subcarrier and noise term as shown x i,1 = h i,1 + n i,1 . In low E b /N o , noise power is large, so it is difficult to compensate the received data packet accurately by using the first pilot symbol. Since the channel response is calculated from these demodulated MLI and block size information with errors, the proposed scheme with coherently and differentially modulated MLI and block size information on data symbols without a FEC shows worse MSE property than that of the conventional scheme. When we consider a FEC for the our proposed scheme, the channel estimation property is significantly increased. Therefore, the proposed channel estimation scheme with a FEC shows the same property like the conventional scheme. Figure 7 shows MSE vs. number of pilots for the proposed schemes at E b /N 0 =20 dB, and Doppler frequencies of 10, 200, and 500 Hz. It is shown that the channel estimation property is increased with increasing the number of pilot symbols at Doppler frequency of 10 Hz. On the other hands, the channel estimation property is degraded with increasing the number of pilot symbols at Doppler frequency of 200 Hz and 500 Hz. This is because the channel varying is slow in low Doppler frequency, so the channel estimation property can be increased. However, in high Doppler frequency, channel is rapidly changed, so the channel estimation property is also degraded. Figure 8 shows the throughput of the proposed system for various number of pilots at Doppler frequency of 10 Hz and τ max =2.3 µs. From Eq. (12), with increasing the pilot symbols, the total transmission rate would be increased. However, in this evaluation, the throughput of 4 and 6 pilot cases is not included an increased transmission rates that assign a data on the pilot empty space. The proposed system with 6 pilot symbols shows better throughput than those with 2 and 4 pilot symbols. Particulary, in low E b /N o , the proposed system with 6 pilot symbols shows large throughput gain to compare with high E b /N o . Since noise term is random signal with zero mean, averaging of the pilot symbols can mitigate the noise term. From this reason, the channel estimation property is increased with increasing the number of pilot symbols. Figure 9 shows the throughput of various delay spreads on the performance of the conventional adaptive OFDM with MLI transmitting on data symbols, DMPSA-AMS/OFDM and DMPSA-ASMS/OFDM at E b /N 0 =15 dB and Doppler frequency of 10 Hz. The conventional adaptive OFDM with MLI transmitting on data symbols and DMPSA-AMS/OFDM estimate the channel condition and assign the suitable modulation for each subcarrier. Therefore, the throughput of the conventional scheme and DMPSA-AMS/OFDM is the same with increasing the delay spread. However, the proposed scheme considers the coherence bandwidth and assigns a more data on the empty space of pilot signals. The coherence bandwidth is largely depended on the delay spread. With increasing the delay spread, the coherence bandwidth would be narrowed. Therefore, the total transmission of the proposed scheme is also degraded.
Computer Simulated Results
In Fig. 10 , the throughput of fixed modulation schemes as QPSK and 16QAM, DMPSA-AMS/OFDM and proposed DMPSA-ASMA/OFDM are compared, where target BER of 10 −5 , Doppler frequency of 10 Hz and the maximum delay spread τ max =2.3 µs. Adaptive modulation schemes consist of QPSK, 8PSK, and 16QAM. It is shown that DMPSA-AMS/OFDM and DMPSA-ASMS/OFDM achieve better throughput performance than the fixed modulation schemes such as QPSK and 16QAM, since the channel capacity increases to allow the high level modulation schemes like 8PSK and 16QAM in subcarriers with increasing E b /N 0 . Therefore, DMPSA-AMS/OFDM and DMPSA-ASMS/OFDM switch the channel modulation scheme from low-level modulation scheme as QPSK to high-level modulation schemes as 8PSK and 16QAM to increase the throughput performance. DMPSA-ASMS/OFDM can assign the same modulation level for coherently faded subcarrier block. In this case, MLI is required only one time for each subcarrier block. Thus the proposed scheme can assign and transmit the data on the empty space of pilot signals. Therefore, DMPSA-ASMS/OFDM can be obtained better throughput than that of DMPSA-AMS/OFDM. Figure 11 shows the throughput of the conventional adaptive OFDM with MLI transmitting on data symbols, variable coding rate OFDM transmission, DMPSA-AMS/OFDM and the proposed DMPSA-ASMS/OFDM at Doppler frequency of 10 Hz and the maximum delay spread τ max =2.3 µs. Since the conventional adaptive OFDM scheme transmits the MLI on data symbols, therefore, the total transmission rate is degraded. On the other hands, DMPSA-AMS/OFDM and DMPSA-ASMS/OFDM transmit the MLI on the pilot symbols with differential modulation. As a result, the total transmission rate is not degraded. Variable coding rate OFDM transmission shows worse throughput than those of DMPSA-AMS/OFDM and proposed DMPSA-ASMS/OFDM. In the variable coding rate based scheme, adjacent subcarriers are blocked to be assigned for the same modulation level with various coding rates for reducing the MLI transmission and the computational effort of the transmit power control. However, when the block size is large, the throughput might be degraded due to the mismatch between the block modulation level and the channel state. Therefore, the total transmission rate is degraded. The proposed DMPSA-ASMS/OFDM shows best throughput performance. The proposed DMPSA-ASMS/OFDM calculates the block modulation level using the coherence bandwidth to reduce the mismatch between the block modulation level and the channel state. From the simulated result, the proposed scheme obtains about 14%, 8% and 4% improvement to compare with the conventional scheme, variable coding rate based scheme and DMPSA-AMS/OFDM, respectively.
Conclusion
In this paper, we proposed an adaptive subcarrier block modulation using uplink delay spread with differentially modulated pilot symbol assistance for downlink OFDM. The proposed scheme shows the same MSE performance like the conventional scheme. Moreover, the proposed scheme obtains about 14%, 8% and 4% throughput improvement to compare with the conventional scheme, variable coding rate based scheme and DMPSA-AMS/OFDM, respectively. 
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